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Abstract 
Restructured meat is made by binding individual pieces of meat together.  To study the effect of mechanical work on 
the meat binding process, a standard cooking protocol must be established.  This paper details the establishment of a 
standard cooking protocol for the cooking process using untreated beef semitendinosus muscle.  The effect of 
different cooking temperatures and applied loads during cooking were investigated.  Meat samples were cut in 20 mm 
cubes size from beef semitendinosus muscle and two pieces were held together with the muscle fibre parallel to each 
other by wrapping them with a plastic food wrap.  Then the samples were placed inside square steel tubes, that act as 
a mold for cooking, and different weights (0, 250, 500, 750 and 1000 g) were placed on top of the meat cubes during 
cooking. The temperatures used for cooking were 60, 70 and 80 °C.  There was a significant temperature effect, with 
increases noted between 60°C and 70°C and between 70°C and 80 °C.  At 60 °C neither myosin nor collagen has 
gelatinized, leading to low binding strengths.  At 70 °C the myosin component will have gelatinized. At 80 °C the 
collagen component will be contributing to the bond. To keep the collagen effect to a minimum the meat should be 
cooked at 70 °C.  The effect of applied cooking load was significant at all cooking temperatures once sufficient load 
had been applied against no load to ensure good contact at the joint.  There was a significant effect of applied load 
noted at 80 °C with increases up to 750 g and a drop occurring between the 750 and 1000 g loadings. The drop has 
been attributed to collagen being squeezed out of the joint as a bead of white material was noted around the joint. 
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1. Introduction  
In production of reformed or restructured meat, pieces of meat undergo physical treatment via a 
tumbler or massager, and with the aid of salt and phosphate [1], the myofibrillar proteins, mainly myosin, 
are extracted [2].  Further processing, which includes applying an appropriate pressure to the meat pieces 
and cooking [3, 4], coagulate the myosin thus binding the meat pieces into reformed meat.   
The tumbling and massaging processes impart impact and friction forces to the meat. Products made 
from diverse type of meat require different level of forces.  These physical treatments variations have 
been qualitatively determined previously through many trial and error procedures of tumbling and 
massaging to produce the most acceptable product. The parameters for tumbling or massaging processing 
that have been studied extensively are the time [5, 6], speed [7, 8] and intermittent or continuous method 
[9, 10]. 
There is no quantitative information on the effect of the physical forces on the meat pieces.  In order to 
initiate such a study, a protocol for the cooking temperatures and applied load during cooking to the meat 
pieces needs to be established.  This paper presents the result of the effect of different applied load on the 
meat pieces while cooking at different temperatures against the Tensile Adhesive Strength (TAS) of the 
bound meat pieces.   
2. Materials & Methods 
The meat samples were from beef semitendinosus (eye of round) bought from Taylor Preston Limited 
(Palmerston North, New Zealand).  The meat was cut into 20 mm cubes with the fibre direction parallel to 
the cutting point.  One meat cube was placed on top of another meat cube with the fibre direction of both 
meat cubes perpendicular to the joining junction.  The combined meat pieces were wrapped with plastic 
food wrap (Glad) and stored at 4 °C overnight.   
Fig. 1. The mold made of steel to put meat cubes and cook 
Figure 1 shows a mold consisting of 16 steel square tubes with an opening of 22x22 mm and height of 
60 mm attached to a steel plate (185x185x2 mm).  The mold was used to retain the shape of the meat 
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during cooking and at the same time guided the weights applied to the meat.  The weights were made 
from steel and consisted of two parts, Part A and Part B (Figure 2).  Part A is the base with a total weight 
of 250 g.  It was a steel rectangle with 62.5 mm height, had a bottom surface area of 21.8x21.8 mm and a 
steel rod at the top (110 mm height and 5 mm diameter), which functioned to hold additional weights.  
Part B consisted of steel cylinders with holes 5 mm diameter in the middle and weighing 250 g.   
For cooking procedure, the combined meat pieces were placed inside the square tubes of the mold and 
weights (0, 250, 500, 750 or 1000 g) were added. The water bath was preheated to 60 °C before the mold 
containing the combined meat pieces was added and cooked for 1 hour.  Then the meat samples were 
extracted and placed under cold running water for 10 minutes as a cooling process.  The procedure was 
repeated with the temperatures of 70 and 80 °C for new meat samples.  The wrap then was taken off and 
all the meat samples were stored at 4 °C overnight before the TAS analysis.     
The TAS analysis was carried out by using the texture analyzer TA-XT2 (Stable Micro Systems, 
Surrey, England).  Two identical clamps (Figure 3) were built to hold the combined meat pieces for the 
pulling action.  One clamp was screwed to the floor of the texture analyzer and another clamp was 
screwed to the moveable arm of the texture analyzer using bolts.  Each clamp consists of two plates; the 
static plate and the moveable plate connected by a hinge.  A square plate was attached at 90° to the static 
plate to hold the meat.  Three 9 mm length pins with 4.9 mm between adjacent pins were attached through 
the sides to spike the meat sample at both ends to secure the meat so tensile forces could be applied when 
pulling the meat apart.  The movement of the pulling was at 0.1 mm/s and the highest peak was recorded. 
The statistical analysis carried out was using a 3x5 factorial design with orthogonal contrasts to 
determine the differences between weight and temperature of cooking.  As well, 2-way comparisons were 
used to analyze individual group of different cooking temperature and weight between the 15 treatment 
groups.  The statistical software used was SAS 9.2 (SAS Institute, Carey, NC, USA). 
3. Results & Discussion 
The results of Tensile Adhesive Strength (TAS) (kPa), expressed as a pressure by dividing the force by 
the measured cross sectioned area, have been plotted  against the applied weights (g) with cooking 
Fig. 2. The weights for the meat with Part A as the 
base and Part B is the additional weight
Fig. 3. The clamp used to clamp end of the meat for 
pulling action 
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temperature as a parameter are shown in Figure 4.  There was a highly significant temperature effect, with 
increases noted between 60 °C and 70 °C (p<0.0001) and between 70 °C and 80 °C (p<0.0001).  At 60 
°C, myosin is the main protein for binding the meat pieces but it is still not fully aggregated and has not 
formed a complete network. At 70 °C the myosin reaches its strongest gelation [11].  At 80 °C the 
collagen component will be undergoing gelation and contributing to the bond [12]. When cooled, the 
solubilized collagen formed gels and at the same time adding more binding strength to the existing 
myosin gelation. To keep the collagen effect to a minimum the meat should be cooked at 70 °C. 
        The effect of applied cooking load was significant (p ranged from <0.0001 to 0.0036 for 
individual loads when compared against the no load condition) at all cooking temperatures once sufficient 
load had been applied against no load to ensure good contact at the joint. The suspected reason was that 
the meat cubes without applied loads had air pockets between the two meat surfaces, which prevented the 
protein-protein interactions [13].  Applying a weight has removed the air and the two meat cubes have 
full contact at the joining surfaces.   
Fig. 4. Tensile Adhesive Strength of combined meat cubes applied with different weight of presser and cooked at different 
temperature.  Eight replicates were carried out at each condition. Error bars are the standard error 
Cooking at 80 °C showed a significant different (p=0.068) between applied weights of 250 and 500 g 
and when the weight was increased to 750 g there was a further significant increase (p<0.0001). This 
shows that pressure can influence the binding.  However, when the load was increased to 1000 g it 
resulted in a significantly lower (p=0.0019) TAS value than the 750 g result (44.3 c.f. 36.9 kPa).  
Increasing the applied weight from 750 to 1000 g at a cooking temperature of 80 °C has resulted in the 
gelatinized collagen being squeezed out of the joint. This collagen was observed as a visible bead around 
the joint before tensile testing.  Despite the increased bonding strength available at cooking temperatures 
of 80 °C, cooking of reformed or restructured meat at this temperature is not practical in industry due to 
higher cooking losses and the added effect of collagen gelatinization, hence 70 °C has been chosen as the 
cooking temperature for the protocol. Since the effect of applied load is not statistically significant at 70 
°C, a loading of 250 g has been chosen to press the meat cubes together while cooking in order to 
minimize leakage effects on the solubilised myosin that may occur due to the applied weight.  The 250 g 
weight is seen as being sufficient to produce a good bond where observation on the samples showed firm 
contact was formed with the gelatinized protein covering the edge of the binding junction.  
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4. Conclusion  
Cooking at 70 and 80 °C gave good binding strength to the meat cubes.  Cooking at 80 °C with heavier 
applied weights resulted in significantly higher TAS compared to 70 °C. The result was due to the 
gelation of solubilized collagen.  Therefore, where myosin is being considered as the glue factor cooking 
at 70 °C is preferable and applying 250 g of weight is seen to be the best choice of loads.  
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